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METHOD FOR INSTALLING A DEVICE ONTO THE INNER SURFACE 
OF A TYRE, AND INSTALLATION KIT 



The present invention relates to a method for 
5 installing a device for measuring at least one 
characteristic parameter of a tyre, for example a 
device which includes a pressure or temperature sensor, 
onto the inner surface of a tyre, and to the 
installation kit used for this purpose. 

10 As is known, a wheel of a motor vehicle comprises 

a rim, connected mechanically to the steering means 
with which the vehicle is provided, and a tyre fitted 
on the rim. The principal function of the wheel is to 
provide a pneumatic support for the vehicle and its 

15 load and to ensure, by means of the tyre, appropriate 
behaviour on the road. The vehicle is supported by the 
volume of pressurized air contained within the wheel. 

A tyre comprises an internally hollow toroidal 
structure formed by a plurality of components, 

20 primarily by a textile or metallic casing ply having 
its ends associated with at least a pair of annular 
reinforcing cores called bead wires, inserted in two 
beads, each of which is formed along an inner 
circumferential edge of the casing for fixing the tyre 

25 to the corresponding rim of the wheel . 

The casing ply includes a support structure 
extending axially from one bead to the other to form a 
toroidal structure, comprising a plurality of textile 
or metallic cords incorporated in a layer of 

30 elastomeric material. In tyres of the radial type the 
aforesaid cords lie essentially in planes containing 
the axis of rotation of the tyre. 

On the crown of the casing an annular 
superstructure is placed, known as belt structure, 

35 normally consisting of one or more strips of rubberized 
fabric, wound so that they overlap each other, and a 
tread of elastomeric material, wound around the belt 
package and impressed with a relief pattern for the 
rolling contact of the tyre with the road. Two 
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sidewalls of elastomeric material, each extending 
radially outwards from the outer edge of the 
corresponding bead, are also placed on the casing in 
axially opposed lateral positions. 
5 The rim has a base surface provided with a central 

channel and two bead seats, on which the beads of the 
tyre bear, each seat being axially delimited between a 
terminal radial surface (flange) in an axially outer 
position and an axially inner annular stop projection 

10 for securing the bead in the corresponding seat. 

Conventionally, an inner tube, inflated with 
pressurized air injected into the chamber through an 
inflation valve fitted into the said inner tube and 
projecting outside the wheel, is placed between the 

15 tyre and the rim to maintain the supporting capacity of 
the tyre. The inner tube generally comprises a tubular 
body of elastomeric material inflatable into a toroidal 
shape. The inflation valve usually comprises a base for 
connection to the inner tube, and a cylindrical casing 

20 (stem) fixed to the base and containing the activation 
mechanism for the operations of inflation and 
deflation. 

In tyres of the type known as "tubeless", in other 
words those not requiring the use of an inner tube for 

25 operation, the pressurized air is contained between the 
tyre and the supporting rim. The radially inner surface 
of the casing , is therefore covered with what is known 
as a "liner", in other words one or more layers of air- 
impermeable elastomeric material, in order to retain 

30 the pressurized air within it. Such a tyre is inflated 
by means of an inflation valve which is usually located 
on the rim channel. 

Nowadays it is strongly felt the need of 
monitoring the conditions of the tyre during use, by 

35 determining characteristic parameters of the tyre which 
represent its operating state, both in static 
conditions and, especially, during the running of the 
vehicle . 
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One parameter of the tyre which can be monitored 
is the inflation pressure. A tyre which is not 
correctly inflated can result in increased fuel 
consumption, a degradation of the manoeuvrability of 
5 the vehicle, and greater wear of the tyre, to name only 
the most important problems. Systems have therefore 
been developed to monitor the inflation pressure of 
tyres during use, these systems informing the driver of 
any decrease in pressure and the consequent need to re- 

10 establish optimal conditions in order to avoid the 
problems mentioned above. 

Another parameter which can yield very important 
information on the state of the tyre during use is the 
temperature in the inner volume of the tyre occupied by 

15 the inflation air. An anomalous rise in temperature is 
a signal of the presence of critical operating 
conditions, which may result in irreversible damage to 
the tyre . 

For example, patent US-5,540,092 describes a 

20 system for monitoring the inflation pressure in a tyre, 
comprising a pressure measurement unit and a unit for 
transmitting an encoded signal to the vehicle on which 
the tyre is fitted. The transmitting unit can be fitted 
inside or outside the tyre. The said encoded signal is 

25 transferred by inductive coupling between the 
transmission unit and a fixed antenna. This 
transmission unit is battery-powered. 

Patent US-5,900,808 describes a system for 
monitoring the internal pressure of a tyre, comprising 

30 battery-powered sensor means and a radio- frequency 
transmitter for transmitting the signal generated by 
the said sensor means to a receiver. The system also 
comprises switching means for enabling the power supply 
to the transmitter when the sensor means signal a 

35 condition of low pressure in the tyre. Battery life is 
extended because the transmitter is supplied with power 
only when a signal has to be transmitted to the 
receiver. The sensor means associated with the 
transmitter are fitted in the wheel rim by suitable 
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attaching means before the tyre is installed and 
inflated. 

Patent US-5, 562,787 describes a method for 
monitoring a tyre of a vehicle during use, for example 
5 by measuring the pressure and temperature of the air 
inside the tyre, or the number of revolutions of the 
wheel, or additionally for transmitting information 
identifying the said tyre. The method uses a 
programmable self -powered device which is fitted on the 

10 inner surface of the tyre or inserted into the wall of 
the wheel rim. The device comprises a power source 
which can be put into an active or an inactive state by 
means of a switch device, a sensor for monitoring the 
aforesaid information, an integrated circuit, an 

15 amplifier and an antenna. A transceiver located on the 
vehicle or in a remote position interrogates the 
programmable self -powered device, which replies with a 
radio- frequency signal containing the required 
information. The programmable self -powered device is 

20 activated by the said remote transceiver which operates 
the switch device which puts the power source into the 
active state. The device can be located on the inner 
surface of the tyre next to the fixing bead wires, in a 
radially inner position with respect to the turnup edge 

25 of the casing, or in the crown area of the tread. The 
device can be encapsulated in a rigid or semi-rigid 
container with a protective function, consisting for 
example of a crosslinked elastomeric material having a 
Shore A hardness in the range from 50 to 100 and a 

30 Shore D hardness in the range from 5 to 80 . To. secure 
the device, encapsulated in this way, to the inner 
surface of the tyre, a covering layer is used, 
including flexible rubbers, for example natural rubber 
or synthetic diene rubbers (for example synthetic 

35 polyisoprene, polybutadiene , styrene-butadiene 

copolymers and the like) , having a Shore A hardness in 
the range from 50 to 95. The covering layer is provided 
with an aperture allowing the pressure sensor to 
measure the internal pressure of the tyre. The device 
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can be located within a recess formed in the inner 
surface of the tyre, for example by inserting a Teflon® 
matrix in the liner of the green tyre. The covering 
layer can be vulcanized together with the green tyre or 
5 can be stuck to the inner surface of the finished tyre 
with a suitable adhesive. 

Patent US-6,217,683 describes a tyre provided with 
a module for monitoring and/or storing information 
relating to the said tyre, wherein the said module is 

10 fixed on the inner surface of the tyre by a fixing 
system which comprises a rubber support fastened at one 
end to the inner surface of the tyre and at the other 
end to the module by means of a mechanical connection. 
This connection consists of two parts, namely a first 

15 part connected to the rubber support and a second part 
connected to the module, which interact in order to fix 
the said module stably to the inner surface of the 
tyre. The fixing system can also include a spacer 
element for keeping the module sufficiently far away 

20 from the inner surface of the tyre, in order to avoid 
damage due to the bending stresses generated within the 
tyre during use. The fixing system provided in this way 
allows the module to be removed for replacement, repair 
or reprogramming . 

25 Patent application EP-1,026,015 describes a method 

and apparatus for monitoring the pressure of a tyre, 
which comprises a first coil for sending a low- 
frequency signal to a second coil, which activates a 
sensor associated with the said tyre. The said sensor 

30 is associated with the stem of the inflation valve of 
the said tyre and is capable of measuring the inflation 
pressure of the tyre. 

Patent application WO 99/29524 describes a 
pressure sensor for a tyre which is encapsulated in an 

35 elastomeric material (preferably natural rubber) which 
adheres to the inner surface of the tyre, preferably in 
the proximity of the equatorial plane of the tyre. 
Means are also provided for ensuring the establishment 
of an equilibrium pressure between the sensor and the 
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internal space of the tyre. The sensor encapsulated in 
the elastomeric material is fixed to the inner surface 
of the tyre by means of an adhesive or by the insertion 
of the encapsulated sensor during the manufacture of 
5 the tyre . 

Patent application EP-1,078,780 describes a method 
and apparatus for inserting an electronic device into a 
tyre and removing it therefrom. This apparatus 
comprises a crosslinked rubber element having a first 

10 face shaped in such a way as to create a recess of 
specified shape and a second face, opposed to the 
first, having a profile shaped to be complementary to 
the inner profile of the tyre. The crosslinked rubber 
element can be inserted into the tyre during the 

15 manufacture of the tyre and then crosslinked "in situ", 
or can be assembled in the tyre after the tyre and the 
rubber element have been vulcanized separately. When 
the crosslinked rubber element has been fixed to the 
inner surface of the tyre, the sensor, having been 

20 previously encapsulated in a rigid material, is 
inserted into the recess present in the crosslinked 
rubber element and fixed by suitable removable fixing 
means. Thus the sensor can be inserted into the tyre in 
a removable way, to enable replacement, repair or other 

25 operations to be carried out on the said sensor. 

The Applicant has tackled the problem of 
developing a method of installing a device for 
measuring characteristic parameters of a tyre (referred 
to below for the sake of brevity as "device" or 

3 0 alternatively "movable unit") onto the inner surface of 
a tyre, this method being carried out in a simple and 
secure way on the finished tyre, for example during the 
stage of fitting the tyre on the rim, without the use 
of mechanical means, without requiring special 

3 5 intervention during the manufacture of the tyre, and 
without making modifications to other parts of the 
wheel, for example to the inflation valve or the wheel 
rim. 
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The Applicant has found that it is possible to fix 
a device stably to the inner surface of a tyre by means 
of a fixing element of crosslinked elastomeric 
material, associated with one side of the device, which 
5 can adhere removably (and therefore in a repositionable 
way) when brought into contact with the inner surface 
of the tyre, and can change its shape under the action 
of centrifugal force so that it becomes adapted to the 
inner surface of the tyre during the rolling of the 

10 tyre, so as to eliminate mechanical stresses between 
the liner and the device due to differences in their 
geometry which can cause the device to become detached. 
As a result of the heating caused by the rolling of the 
tyre, the elastomeric material constituting the fixing 

15 element is at least partially crosslinked and therefore 
stabilizes the shape formed during rolling and is also 
able to establish an essentially stable and 
irreversible bond with the said inner surface of the 
tyre. Moreover, the material located between the device 

20 and the tyre is flexible, so that it can resist the 
stresses transmitted by the tyre during use, thus 
preventing these stresses from being transmitted to the 
said device. 

Therefore, according to a first aspect the present 
25 invention relates to a method for installing a device 
for measuring at least one characteristic parameter of 
a tyre on. a tyre having an inner surface, the method 
comprising : 

applying the device to a specified area of the 
30 inner surface of the tyre by interposition of a fixing 
element comprising a crosslinkable elastomeric material 
capable of adhering in a repositionable way to the 
inner surface of the tyre; 

fitting the tyre on a rim and rotating it so as to 
35 adapt the shape of the fixing element to the inner 
surface of the tyre and to cause a crosslinking of the 
crosslinkable elastomeric material . 

The Applicant believes that, during the rotation 
of the tyre, the developed centrifugal force causes 
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small deformations in the shape of the fixing element 
such that the element is adapted in an optimal way to 
the surface of the liner. The reached shape is then 
stabilized by the crosslinking of the elastomeric 
5 material constituting the fixing element, which takes 
place subsequently as a result of the heat developed 
during rolling on the road. The crosslinking also helps 
to increase and stabilize the adhesion between the 
sensor and the tyre. It is also believed that the 

10 adhesion process is promoted by the centrifugal force, 
which exerts a pressure on the device without any need 
to apply mechanical means of compression. 

The device can be applied advantageously to the 
inner surface of the tyre in a crown area, preferably 

15 in the proximity of the equatorial plane of the tyre. 
In this position, the effect of the centrifugal force 
on the sensor is greater than in any other position on 
the inner surface of the tyre, and consequently the 
adaptation and adhesion of the fixing element to the 

20 surface of the liner is optimal. 

According to another aspect the present invention 
relates to a kit for installing a device for measuring 
at least one characteristic parameter of a tyre onto 
the inner surface of a tyre, comprising: 

25 the device ; and 

at least one fixing element comprising a 
crosslinkable elastomeric material. 

Preferably, the said device includes a sensor 
installed on a substrate, the said fixing element being 

30 associated with the said substrate. 

In the present description and in the claims, the 
term "device for measuring at least one characteristic 
parameter of a tyre" denotes any electrical, electronic 
or piezoelectric device capable of measuring and/or 

35 processing and/or transmitting to the exterior (for 
example to a fixed unit present on the vehicle or 
positioned at a point through which the said vehicle 
passes) at least one characteristic parameter of the 
tyre . 
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In the present description and in the claims, the 
term "characteristic parameter of the tyre" denotes any 
information of the digital or analogic type, 
instantaneous or time-mediated, relating to: 
5 operating conditions of the tyre, for example the 

internal inflation pressure or the internal temperature 
of the tyre or of any of its parts (see for example 
patents US-5 , 540 , 092 , US-5,900,808 and US-5 , 562 , 787 ) ; 
data relating to the dynamic behaviour of the tyre, for 

10 example centripetal, longitudinal and/or lateral 
acceleration or movements in three directions of any 
point of the tyre (see for example patents EP-887,211, 
WO 01/36241 and US-6 , 204 , 758) ; forces of interaction 
between the bead and the rim; and tyre identification 

15 data, such as data on manufacture or uniformity (see 
for example patent US-6 , 217 , 683) . 

The device can therefore include at least one 
sensor for measuring at least one characteristic 
parameter of the tyre (for example, a pressure sensor, 

20 a temperature sensor, an accelerometer , a movement 
sensor or a velocity sensor), or an electronic memory 
which contains data identifying the tyre (for example, 
a chip or a transponder) . 

In a preferred embodiment, the crosslinkable 

25 elastomeric material is brought to a degree of* 
crosslinking of at least 30% upon heating to a 
temperature in the range from 4 0°C to 90°C for a period 
of not more than 8 hours, preferably not more than 4 
hours. The degree of crosslinking can be determined by 

30 MDR rheometric analysis (MDR = Moving Die Rheometer) 
according to the specifications of ASTM D5289-95. 

Preferably, a crosslinkable elastomeric material 
suitable for forming the fixing element according to 
the present invention comprises: 

35 100 phr of at least one crosslinkable elastomer; 

from 20 to 100 phr, preferably from 30 to 70 phr, 
of at least one plasticizing oil; 

from 20 to 150 phr, preferably from 40 to 100 phr, 
of at "east, one reinforcinc filler; 
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from 0 to 80 phr, preferably from 0 to 60 phr, of 
at least one low molecular weight amorphous polymer 
(preferably a low molecular weight homologue of the 
elastomer) . 

5 (phr = parts by weight per 100 parts of polymer 

base) . 

An example of a crossl inking system that may be 
used is : 

(i) from 0.3 to 12 phr, preferably from 0.5 to 8 phr, 
10 of at least one organic peroxide; or 

(ii) from 0.1 to 5 phr, preferably from 0.2 to 3.5 phr, 
of sulphur (or equivalent quantity of a sulphur donor) > 
and 

from 2 to 10 phr, preferably from 3 to 8 phr, of 

15 at least one vulcanization accelerator. 

The crossl inkable elastomer is generally a high 
molecular weight amorphous polymer, with an average 
molecular weight of not less than 150,000, preferably 
from 200,000 to 3 million, and can be selected, for 

20 example, from: natural rubber (NR) , synthetic 
polyisoprene, epoxidized natural rubber (ENR) , 
polybutadiene (BR) , polychloroprene , acrylonitrile- 
butadiene copolymer (NBR) , butyl rubber (IIR) , 
halobutyl rubber (XIIR) (particularly chlorobutyl 

25 rubber or bromobutyl rubber) , styrene-butadiene 
copolymer (SBR) , styrene-isoprene copolymer, styrene- 
isoprene-butadiene terpolymer , ethylene -propylene 

copolymers (EPR) , ethylene/propylene/diene copolymers 
(EPDM) , polyisobutene, or mixtures thereof. If the 

30 crosslinking agent is an organic peroxide, the 
elastomeric material preferably does not comprise 
polyisobutene or butyl rubber (IIR) - 

The plasticizing oil can be selected from: mineral 
oils, vegetable oils, and synthetic oils, for example 

35 aromatic oils, naphthenic oils, phthalates, soybean 
oil, epoxidized soybean oil, or mixtures of these. 

The reinforcing filler can be selected from: 
carbon black, silica, alumina, aluminosilicates, 
calcium carbonate, kaolin, or mixtures thereof . 
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The low molecular weight amorphous polymer which 
may be present has a mean molecular weight which is 
preferably less than 150,000, preferably from 500 to 
100,000, and can be selected from: depolymerized 
5 natural rubber, liquid synthetic polyisoprene, liquid 
polybutadiene, liquid polybutene, liquid ethylene/ 
propylene/diene copolymers, liquid butyl rubber, or 
mixtures thereof . 

The crosslinkable elastomeric material may also 

10 contain other conventional components such as 
antioxidants, protective agents, adhesion resins, and 
co-crosslinking agents. 

The organic peroxide can be selected from those 
having a half-life gretaer than 5 minutes at 80°C, for 

15 example cumyl peroxyneodecanoate, tert-amyl 

peroxypivalate, and dichlorobenzoyl peroxide. 

If the crosslinking system is sulphur-based, the 
crosslinking agents may be selected from those commonly 
used for the sulphur crosslinking of diene elastomers. 

20 It is also possible to add activating agents such as 
stearic acid, zinc compounds such as ZnO and ZnC0 3 , and 
zinc salts of fatty acids. 

In a preferred embodiment, the sulphur-based 
crosslinking system comprises at least one accelerator 

25 which is highly active even at relatively low 
temperatures (known as an ultra-accelerator) , selected 
for example from: dithiocarbamates , thiurams, 
thiazoles, and mixtures thereof. 

Examples of ultra-accelerators which can be used 

3 0 according to the present invention are: 

zinc N-phenyl-N-ethyl-dithiocarbamate, zinc N, mi- 
dline thyl-dithiocarbamate, zinc N, N- diethyl -dithio- 
carbamate, 2 -mercapto-benzothiazole (MBT) , 2-mercapto- 
benzothiazole disulphide (MBTS) , N-cyclohexyl -2- 

35 benzothiazyl sulphenamide (CBS) , 2 -dicyclohexylbenzo- 
thiazyl sulphenamide (DCBS) , N- tert -butyl - 2 -benzo- 
thiazyl sulphenamide (TBBS) , N-morphol ino- 2 -benzo- 
thiazy] sulphenamide (MBS) , and N-tert-butyl-dithio- 
benzothiazol e (TBSI) . 
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In order to increase the crosslinking rate and/or 
decrease the temperature required to obtain a 
sufficient degree of crosslinking, at least one 
nitrogen- containing co-accelerator can advantageously 
5 be added to the crosslinkable elastomeric material, the 
co-accelerator being selected, for example, from: N- 
cyclohexyl-N-ethylamine or diphenylguanidine (DPG) , in 
an amount generally from 0.25 to 10 phr, and preferably 
from 0.5 to 8 phr. 

10 In a further embodiment, the fixing element 

comprises a first layer consisting of a first 
crosslinkable elastomeric material as described above, 
containing sulphur (or a sulphur donor) but without 
vulcanizing accelerators, and a second layer, brought 

15 into contact with the first layer, consisting of a 
second crosslinkable elastomeric material as described 
above, containing at least one accelerator but without 
sulphur (or sulphur donors) . Preferably, the second 
layer is the one brought into contact with the inner 

20 surface of the tyre when the device is installed. This 
prevents the occurrence of undesired phenomena of pre- 
crosslinking of the fixing element before its use, 
since the two layers are brought into contact only when 
the device is installed. 

25 The second layer, containing at least one 

accelerator but without sulphur, can be based on an 
elastomer in solid form*, or can be applied in liquid 
form, for example as a solution in organic solvent or 
as an aqueous emulsion. 

30 The dimensions of the fixing element are chosen 

essentially according to the dimensions and weight of 
the device to be installed. Generally, the width and 
length of the fixing element are sufficient to cover 
the lower surface of the device to be fixed to the 

35 tyre, while the thickness is generally from 0.5 mm to 
10 mm, preferably from 1 mm to 5 mm. 

Further characteristics and advantages will appear 
from the detailed description of a preferred, but not 
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exclusive, embodiment of the present invention in its 
different aspects . 

This description is given below with reference to 
the attached drawings, provided solely for guidance and 
5 therefore without restrictive intent, wherein: 

Figure 1 shows a cross section of a tyre fitted on its 
supporting rim, with a device according to the 
invention fitted into this tyre; 

Figure 2 shows a block diagram of a fixed unit located 
10 on the vehicle and connected by a radio- frequency link 
to the said device; 

Figure 3 shows a possible embodiment of the electronic 
part of the device according to the invention (as a 
block diagram) ; 

15 Figure 4a shows a side view of an embodiment of the 
device according to the invention; 

Figure 4b shows a plan view of an embodiment of the 
device according to the invention; and 

Figure 5 shows a side view of another embodiment of the 
2 0 device according to the invention. 

Figure 1 shows a wheel comprising a tyre 11, of 

the type conventionally known as " tubeless" , in other 

words without an inner tube, and a supporting rim 12. 

This tyre is inflated by means of an inflation valve 13 
25 positioned, for example, on the channel of the said 

rim. 

The tyre 11 consists of an internally hollow 
toroidal structure formed by a plurality of components, 
and in the first place by a textile or metallic casing 

30 16, having its two beads 14 and 14', each formed along 
an inner circumferential edge of the casing 16 for 
fixing the tyre 11 to the corresponding supporting rim 
12. The said casing 16 comprises at least a pair of 
annular reinforcing cores 15 and 15', known as bead 

35 wires, inserted in the said beads 14 and 14 1 . 

The casing 16 is formed by at least one 
reinforcing ply which includes textile or metallic 
cords extending axial ly from one bead 14 to the other 
34' in a toroidal profile , and which has each oi its 
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ends associated with a corresponding bead wire 15 and 
15' . 

In tyres of the type known as radial, the 
aforesaid cords lie essentially in planes containing 
5 the axis of rotation of the tyre. 

On the crown of the casing there is placed an 
annular structure 17, known as the belt structure, 
normally consisting of one or more strips of rubberized 
fabric, wound so that they overlap each other to form 

10 what is known as a "belt package", and a tread 18 of 
elastomeric material, wound around the belt package and 
impressed with a relief pattern for the rolling contact 
of the tyre with the road. Two sidewalls 19 and 19' of 
elastomeric material, each extending radially outwards 

15 from the outer edge of the corresponding bead 14 and 
14 ■ , are also placed on the casing in axially opposed 
lateral positions. 

In tyres of the type known as " tubeless" , the 
inner surface of the casing is normally covered with 

20 what is known as a "liner" 111, in other words one or 
more layers of air- impermeable elastomeric material. 
Finally, the casing can comprise other known elements, 
i.e. edgings, strips and fillers according to the 
specific design of the tyre. 

25 The combination of all these elements determines 

the mechanical characteristics of elasticity, rigidity 
and resistance to deformation of the tyre, which forms 
the connection between the system of forces applied to 
the tyre and the extent of the corresponding 

30 deformations which are undergone. 

The device for measuring at least one 
characteristic parameter of a tyre comprises, in 
general terms, a fixed unit 2, preferably located on 
the vehicle to which the tyre is fitted, and a moving 

35 unit 3 (namely the device including the sensor) 
associated with the said tyre. 

Figure 2 shows a block diagram of the said fixed 
unit 2, preferably comprising a device for transmitting 
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to the said moving unit and a device for receiving from 
the said moving unit . 

The transmission device preferably comprises an 
oscillator circuit 23, which supplies a driver circuit 
5 24 for a first antenna 25, referred to below as the 
fixed antenna. 

The receiving device comprises a radio- frequency 
receiver 26 connected to the said antenna, and 
preferably also an electrical demodulator device 27. 
10 Preferably, the electrical energy required to 

power the said fixed unit can be supplied directly by 
the vehicle battery through a suitable driver circuit 
(not shown) . Advantageously, the said fixed unit also 
communicates with a device for displaying the said 
15 measured parameters, located on board the vehicle. For 
example, the inflation pressure can advantageously be 
displayed on the dashboard of the vehicle, on a 
suitable display unit. 

The said moving unit 3, shown in Figure 3, 
20 comprises in general terms a device for transmission to 
the said fixed unit and a device for measuring at least 
one characteristic parameter of a tyre. 

Preferably, the said moving unit is supplied by a 
battery located within it and is provided with a device. 
25 to enable power to be supplied to the said device for 
measuring characteristic parameters of the tyre when 
the tyre is rolling . 

The moving unit can also contain a self -powering 
device, which generates electricity as a result of the 
30 stresses to which the said moving unit is subjected 
(for example, centrifugal force or the deformations of 
the liner) . 

Alternatively, the said moving unit is supplied by 
the said fixed unit by means of a device for receiving 
35 from the said fixed unit. This device for receiving 
from the said fixed unit preferably comprises a second 
antenna 31, referred to below as the moving antenna, 
connected to an electrical energy storage circuit 32. 
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The measuring device preferably comprises at least 
one driver circuit or encoder/decoder circuit for at 
least one measuring sensor for at least one 
characteristic parameter of the tyre. In particular, 
5 the example in Figure 3 shows two driver circuits 33 
and 35 for two sensors 38 and 39, namely a first sensor 
38 for measuring the inflation pressure of the tyre and 
a second sensor 3 9 for measuring the temperature inside 
the tyre. Alternatively, a single driver circuit 

10 encodes and/or decodes the pressure and/or temperature 
signal generated by a single sensor. 

These sensors can be sensors for measuring an 
absolute value of pressure or temperature, or can be 
threshold sensors, in other words those which signal a 

15 departure from a previously specified threshold value 
of pressure and/or temperature. 

Within this moving unit, the pressure and 
temperature signals can be suitably encoded for their 
transmission outside the tyre; for example, they can be 

20 associated with an identification code of the tyre, in 
order to prevent confusion with similar signals 
originating from other tyres of the vehicle. 

The device for transmission to the said fixed unit 
comprises a reading circuit 37, which is connected to. 

25 the said moving antenna 31 and which can receive 
signals associated with" the said sensors from the said 
at least one driver device. 

A possible structure of the device according to 
the invention is shown in Figures 4a and 4b. In 

30 particular, the device comprises, in general terms, a 
substrate 331, on which are provided electrical 
connections and electrical components for the aforesaid 
receiving and transmitting devices, for the said moving 
antenna and for the sensors. Preferably, these sensors 

35 38 and 39 are, in turn, fixed to or integrated in the 
substrate 331. For example, in Figure 4a these sensors 
38 and 39 are fixed to the upper surface of the 
substrate 331, being placed preferably in a centra] 
position. Additionally, substantially all of the 
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electrical components of the device can be formed on 
the substrate 331 by an integrated technology. The 
substrate 331 is preferably of parallelepipedal shape 
with a length a, width b, thickness or height h in 
5 Figures 4a and 4b. Alternatively, the substrate 331 is 
of essentially cylindrical shape and the sensors are 
placed on one of the two end surfaces . 

The substrate 331 is associated with a fixing 
element 332 according to the invention, which extends 

10 preferably over the whole lower surface of the 
substrate 331. The fixing element 332 can be associated 
with the substrate 331 by adhesion, thanks to the 
adhesive properties of the crosslinkable material 
itself or by the interposition of an adhesive element 

15 (not shown in the figure) . The association between the 
fixing element 332 and the substrate 331 can also be 
provided by mechanical means (as shown, for example, in 
Figure 5) . 

When the device is inserted into the tyre, the 

20 fixing element adheres in a removable way to the inner 
surface of the tyre without the need for any special 
operations, the application of manual pressure being 
sufficient. Since it adheres removably, the device can 
be repositioned if necessary because of incorrect 

25 positioning or for other reasons, but the adhesion is 
anyway sufficient to maintain the desired position 
during all the subsequent stages of fitting the tyre to 
the rim and then on the vehicle wheel. 

During the rolling of the tyre, the crosslinkable 

30 elastomeric material, being viscous, changes its shape 
under the effect of the centrifugal force, thus 
effectively adhering to the surface of the liner. The 
elastomeric material forming the fixing element is then 
at least partially crosslinked, mainly as a result of 

35 the excess heating due to the cyclic action of 
compression and release exerted on the various 
components of the tyre during rolling, so that the 
shape of the element is stabilized and a bond is formed 
between the device and the inner wa j J of the tvre which 
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is essentially stable in normal conditions of use of 
the tyre. Without committing itself to an 
interpretative theory, the Applicant considers that the 
stability of the bond is also due to a co-crosslinking 
5 between the fixing element and the elastomeric material 
forming the inner layer (liner) of the tyre. The 
applicant also considers that the centrifugal force 
plays a significant role in the reinforcement of this 
bond, since it exerts a compressive force which 

10 promotes the interaction between the fixing element and 
the inner wall of the tyre. 

If a greater adhesion between the device and the 
tyre is required, it may be advantageous to interpose a 
further adhesive element, for example a double -sided 

15 adhesive tape such as the product #889 by 3M, 
consisting of a polyester tape coated with an acrylic 
adhesive on both sides, between the fixing element and 
the inner surface of the tyre. 

A first pair of protective elements 333 and 334, 

20 whose length is preferably equal to the length of the 
substrate, is placed on the upper surface of the 
substrate, together with a second pair of protective 
elements 335 and 336, fitted one opposite the other 
between the said first pair of protective elements 333 

25 and 334. 

Thus, in the example in Figures 4a and 4b, the 
whole upper surface of the substrate 331 is protected 
except for a central area 337 in which the said sensors 
38 and 39 are placed. These protective elements on the 

30 upper surface of the substrate 331 essentially have the 
function of providing mechanical protection for the 
sensors 38 and 39, and are essentially 
electromagnetically inert, so that they do not impede 
in any way either the process of receiving and 

35 transmitting information or the process of receiving 
electrical energy. The materials from which they are 
made can also be electrically insulating and can act 
additionally as electrical protection for the circuits 
on the substrate 332. 2r. particular, the protective 
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material prevents the possibility of creation of short 
circuits between the individual electronic components 
present on the faces of the device. 

The fixing element 332 may optionally have its 
5 lower free surface covered with a protective film (not 
shown in Fig. 4a) to prevent the crosslinkable 
elastomeric material from coming into contact with the 
external environment. The protective film, consisting 
for example of a plastic material having low adhesion 
10 to the crosslinkable material (being made for example 
from ethylene/vinyl acetate copolymer - EVA) is removed 
before the device is inserted into the tyre. 

The method according to the present invention can 
be applied to tyres of any type and can advantageously 
15 be implemented by the user while worn tyres are being 
replaced with new tyres. This is because the operation 
of inserting the device into the tyre can be performed 
in a simple and rapid way and does not have to be 
carried out by specialist personnel. 
20 During a tyre replacement operation, the device is 

inserted into the tyre before the tyre is fitted onto 
the corresponding supporting rim, and advantageously 
before the wheel balancing operation is carried out. 
During this operation, the tyre is rotated while. 
25 remaining attached to a suitable balancing machine. At 
this stage it is already possible to cause minor 
deformations of the shape of the fixing element, to 
adapt it in an optimal way to the surface of the liner, 
and there can also be at least a partial crosslinking 
3 0 of the fixing element, to ensure that the device does 
not become detached from the inner surface of the tyre 
during the subsequent operations of fitting the tyre on 
a vehicle. Subsequently, the crosslinking of the 
elastomeric material is essentially completed during 
35 the rolling of the tyre when it is in use, to stabilize 
the shape of the fixing element and to form an 
essentially stable fixing of the moving unit to the 
inner surface of the tyre. 
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Figure 5 shows an alternative embodiment of the 
present invention, in which the fixing element 332 
comprises a first layer 332a associated with the lower 
surface of the substrate 331 and a second layer 332b, 
5 which is in contact with the first layer 332a, and 
which is designed to come into contact with the inner 
surface of the tyre to fix the assembly in a stable way 
to the said tyre. Fig. 5 also shows a method for 
associating the fixing element 332 with the substrate 

10 331 in a stable way, by means of mechanical connecting 
elements 337, for example, as shown in Fig. 5, by means 
of guides of dovetail shape or of any other shape which 
can form a mechanical joint between the substrate 331 
and the fixing element 332. 

15 The layers 332a and 332b are preferably covered on 

their free surfaces with protective films 338 which are 
removed when the method according to the invention is 
carried out. After stripping the corresponding 
protective films 338 from the first layer 332a and the 

20^ second layer 332b, the operator first sticks the second 
layer 332b to the inner surface of the tyre and then 
sticks the first layer 332a onto the said second layer 
332b. 

The first layer 332a is made from an elastomeric 
25 material containing sulphur (or a sulphur donor) but 
without vulcanizing accelerators, while the second 
layer 332b is made from a similar elastomeric material 
containing at least one vulcanizing accelerator but 
without sulphur (or sulphur donors) . The crosslinking 
3 0 of the two layers 332a and 332b takes place only when 
they are brought into contact, and the bond between 
them is particularly stable, probably because of a co- 
crosslinking of the elastomeric materials which takes 
place especially at the interface of the layers. 
35 Alternatively, the positions of the two layers 332a and 
332b can be reversed, in other words the second layer 
332b designed to be brought into contact with the liner 
of the tyre contains sulphur but not vulcanizing 
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accelerators, while the first layer 332a contains at 
least one vulcanizing accelerator but no sulphur. 

The present invention will now be further 
illustrated by the following example of embodiment. 
5 A pressure and temperature sensor, which was 

provided with a signal transmission system, and was of 
essentially cylindrical shape, with a diameter of 
approximately 26 mm, a height of 13 mm and a weight of 
11 g, was made to adhere to a cylinder of crosslinkable 
10 material (diameter 27 mm, thickness 3 mm) having the 
fo 1 lowing compos i t i on : 



Butyl 0 3 01 


100 


phr 


Aromatic oil 


40 


phr 


Indopol® H100 


40 


phr 


Carbon Black N660 


60 


phr 


Sulphur 


3 


phr 


Vulkacit® CZ 


4 . 5 


phr 


Vulkacit® P-3N Extra 


1.5 


phr 


Vulkacit® D 


1.5 


phr 



20 - Butyl® 301 (Bayer) : butyl rubber with Mooney 
viscosity ML (1+8) of 51 at 125°C; 

Indopol® H100 (BP Chemical) : polybutene oil with a 
weight average molecular weight of 1450; 
Vulkacit® CZ (Bayer) : CBS (N-cyclohexyl-2- 
25 benzothiazyl sulphenamide) accelerator; 

Vulkacit® P-3N Extra (Bayer) : zinc N-phenyl- 

N-ethyl -dithiocarbamate accelerator; 

Vulkacit® D (Bayer) : DPG (diphenylguanidine) 
co-accelerator. 

30 The assembly was inserted into a Pirelli® P6® 205 

65 R16 tyre, the free face of the cylinder of 
crosslinkable material being positioned on the inner 
surface of the liner, in the crown area, with the 
manual application of moderate pressure. The tyre was 

35 then fitted onto the rim of a motor vehicle and 
inflated to a pressure of 2.2 bar. The motor vehicle 
travelled along an asphalt road for approximately 8 
hours at an average speed of 100 km/h, with peaks of 
150 km/h, at an externa] air temperature oi 
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approximately 28°C. When the tyre was removed from the 
rim, it was found that the sensor had bonded stably to 
the liner and could be detached only by using 
mechanical means. The sensor had not suffered any 
5 damage . 



